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Since light tends to  eliminate the substances by which 
i t  is absorbed, i t  follows that those wave lengths, which are 
absorbed by a solution of copper sulphate, tend to precipitate 
copper from it. The work necessary to set free copper under 
these conditions is so great that  no precipitation of copper 
takes place even in the strongest light. It should be possible, 
however, t o  obtain metallic copper by the action of light on a 
copper sulphate solution, if one added to  the solution a re- 
ducing agent which was just not strong enough to  precipitate 
copper in the dark. The light would then be able to  do the 
balance of the work necessary to  cause reduction to metallic 
copper. 

Several reducing agents were tried in an attempt to  find 
a suitable one. Hydrazine sulphate forms a sparingly 
soluble blue compound with copper sulphate and is therefore 
unsuitable. Hydroxylamine hydrochloride also causes the 
precipitation of an insoluble compound. The decomposition 
products of pyrogallol, as well as those of hydroquinone, in 
alkaline solution prevented satisfactory” work with these 
reagents. If copper sulphate or copper acetate be made 
ammoniacal and if enough hydrazine hydrate be added with 
exclusion of air, the blue of the solution is discharged, and 
metallic copper is deposited as a mirror on the walls of the 
containing vessel, with simultaneous separation of cuprous 
oxide. The strength of the reducing agent may be changed 
by varying the quantity of the hydrazine hydrate solution 
added. 

To show the effect of light on such a solution, twelve test 
tubes were fitted with corks through which pin holes had been 
made, and IO cc of a solution containing I percent of copper 

1 A paper read before the Eighth International Congress of Applied 
Chemistry in New York, September, 1912. 
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acetate and I O  percent of concentrated ammonium hydroxide 
solution were placed in each tube. To the two sets of six 
tubes each, there were added respectively, 3.5, 4, 4.5, 5, 5.5, 
and 6 cc of a 0.5 percent solution of hydrazine hydrate. The 
test tubes were then corked and one set was placed in the 
dark while the other was exposed to the light from h 2 . 5 . k ~  
Macbeth carbon arc printing lamp for 7 hours. The tem- 
perature was 17' C in both cases, cold water being used to  
cool the tubes exposed to the arc. The first two tubes showed 
no reduction either in the light or in the dark. In the other 
four tubes exposed to the light, a reddish brown piecipitate 
was formed which dissolved when the contents of the test 
tubes were shaken with air. The product was apparently 
chiefly cuprous oxide with perhaps a small amount of pulveru- 
lent copper, the reducing action not being strong enodgh to 
produce a copper mirror. In the corresponding four tubes 
which had been kept in the dark, the product was quite 
different both in quality and quantity. There was formed a 
very small amount of a muddy, blue deposit resembling a basic 
copper salt. 

On account of the fact that this solution is colorless and 
that there is a simultaneous deposition of cuprous oxide, 
showing that the copper must be formed by the reduction of 
the intermediate cuprous salt, it seemed advisable to seek a 
stronger reducing agent which would reduce the copper sul- 
phate solution to metallic copper direct from the blue solution. 
While no experiments were made to determine the effective 
light in the case of the ammoniacal hydrazine solution, it 
must have been light which is not cut off by glass. 

As a stronger reducing agent, phosphorus seemed the 
best. R. Bottgerl noticed that metallic copper was formed 
when phosphorus was heated with copper sulphate solution; 
but that the copper then reacted with more phosphorus to 
form copper phosphide. It was also noticed that the re- 

' Jahresbericht der Chemie, 1857, 107; Jour. prakt. Chem., 70, 430 (1857); 
Pogg. Ann., T O T ,  453 (1857). See also Senderens: Comptes rendus, 104, 177 
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duction went on very readily in direct sunlight, when powdered 
phosphorus was allowed to act on the solution absorbed by 
paper or cloth fiber. The substance becomes heated to  about 
35’ C, and the rise in temperature was presumably taken 
for the cause of the reduction. Mrs. Fulhamel found, pre- 
vious to this, that an ether solution of phosphorus reduced 
copper sulphate solution readily. This use of an ether solu- 
tion offers the possibility of varying the reducing power by 
changing the phosphorus concentration of the solution. It 
was therefore decided to add ether solutions of phosphorus 
of varying concentrations to  copper sulphate solutions and to 
allow these mixtures to stand in the dark and in the light, 
To prevent change of concentration as well as to  exclude air, 
the ether solution was added under the lip of an inverted 
crucible which was filled with a copper sulphate solution and 
which stood in a crystallizing dish holding the solution. The 
ether solution displaced the copper sulphate solution from the 
inverted crucible, rising to the top, whereby volatilization 
was prevented and air was excluded. In order to  be able to 
use ultraviolet light, transparent quartz crucibles were used. 
A mercury lamp could then be suspended over the crucibles. 

A 5 percent solution of CuS0,.5H,O was used. The 
ether solutions were made by diluting what was presumably 
a saturated solution of phosphorus in ether. Pieces of the 
element were allowed to stand in ether with intermittent 
shaking for several days. This solution was diluted and used, 
with the attempt to get the concentration such that reduction 
would occur in the light but not in the dark. The carbon 
arc printing lamp was used as the source of light. 

Below are resu.1 ts of two parallel experiments illustrating 
the point a t  issue. One cc of the saturated phosphorus solu- 
tion was diluted with ether, in one case to  IO cc and in the 
other case to 2 0  cc. Portions of these solutions, about 5 cc 
each, were placed over two sets of copper sulphate solution, 
one set being plac6d in the dark and the other exposed to 
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“An Essay on Combustion,” 60 (1794); Mellor: Jour. Phys. Chem., 7, 562 
( 1903). 
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the light from the arc. The temperature was 19.5’ C. 
results are given in Table I. 

TABLE I.-5 PERCENT COPPER SULPHATE SOLUTION, SOLUTION 30” 

The 

FROM ARC. TEMP. 19.5’ c 
Dilution of I 

solution I saturated ether I n  light In  dark 

-- I 
I : IO  Phosphide after 6 hours 
I : 20 i Phosphide after 6 hours 1 No phosphide obtained 

The more dilute solution was therefore not strong enough 
to reduce the copper sulphate when acting alone; but reduction 
was accomplished when the effect due to light was superposed. 

In  conclusion, it may be stated that:  
I .  Light reduces ammoniacal copper solutions in presence 

of a dilute solution of hydrazine hydrate. 
2. Light reduces copper sulphate solution in presence of 

a dilute ether solution of phosphorus. 
3. The effect due to light is superposed on the effect due 

to the reducing agents, thereby making possible reductions 
which would not take place in the dark. 

Phosphide after 2 hours 
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